Introduction
In most financial markets, traders can choose between submitting a market order for immediate execution at the best available price or a limit order that specifies a price for execution but may take longer to execute. 1 Over the trading day, this provides traders with various means of accomplishing their objectives by submitting different types of orders. At each point in time, traders must decide whether to submit an order, which type of order to submit, and the price at which they are willing to transact. Since these decisions depend on the traders' expectations, preferences, and market conditions, we expect to see corresponding changes in traders' propensity to submit the different types of orders over the trading day. A key consideration in the trader's choice of order type is how the speed at which market conditions change influences the trade-off between the immediacy of trade (or execution risk) and the cost (or price risk) of trading.
In this study, we empirically investigate the role played by the time between order submissions and the impact of changes in the state of order book and price uncertainty on traders'
order submission decisions (the order type and the time between consecutive orders, and the duration of orders). From a theoretical perspective, the importance of the duration of order submissions is discussed in studies by Diamond and Verrecchia (1987) and Easley and O'Hara (1992) , which suggest that the time between trades reveals important information about the future value of the asset. The functional role for time implied by the models used in these studies has been empirically investigated by several authors, including Engle and Russell (1997, 1998) and Cho and Nelling (2000) . Our approach extends the existing studies by jointly investigating the order choice and the time between submissions, rather than examining only the decision regarding limit order choice (e.g., Cho and Nelling 2000) or examining only order submissions without distinguishing between market and limit orders (e.g., Engle and Russell 1997, 1998) . We believe there is valuable information in both the duration of order submissions and the type of the previous orders submitted. This is captured using the asymmetric autoregressive conditional duration (ACD) model developed by Bauwens and Giot (2000) , which is an extension of the univariate duration framework of Engle and Russell (1998) .
Consequently, our ACD model more completely captures the endogeneity between these key aspects of the order submission decision.
Most similar to our study are Hasbrouck (1999) , Hollifield et al. (2002) , and Ellul et al. (2003) . Each of these studies considers the factors that influence the order submission decision. Our paper differs from these earlier studies in two respects. First, we explicitly model the information carried by duration since the last order. By modelling both the order type decision and the duration of the submission, our analysis can more clearly determine how past orders impact the submission of different types of orders over the trading day, and we can investigate differences in behaviour across "fast" markets, "slow" markets, and "normal" markets. As Hasbrouck (1999) suggests: "a fast market
is not merely a normal market that is speeded up, but one in which the relationships between component events differ." Second, none of these studies completely characterizes the impact of the state of the order book, especially the information carried by the cancellation of limit orders both at the best and off-best quotes. Ellul et al. examine only the submission and cancellation of the last type of order. Hasbrouck (1999) performs a descriptive analysis of the arrival processes of the two types of orders. Hollifield et al. (2002) explicitly estimate the trade-off between the execution risk, adverseselection risk, and price risk of submitting the two order types. There is no cancellation in their model.
We extend these studies by examining the impact of submission of limit orders and the cancellation of limit orders both at the best and at the off-best quotes within a time interval. Thus, we more completely characterize the impact of the state of the order book.
We investigate the order submission process in the context of the foreign exchange market using Deutsche Mark/U.S. dollar orders submitted on the Reuters 2000-2 electronic brokerage system.
Since the system operates 24 hours a day, it allows us to investigate a wide variety of time-of-day effects and announcement effects that are difficult to study using data from equity markets, which the previous studies have used. We should note that the order book we examine is not completely open.
Only the best quote and the most recent transaction are observable; therefore, including the off-best quotes allows us to determine the extent to which traders get valuable information from other sources.
Our results provide several interesting insights into traders' decisions regarding order submission. Examining the impact of order type, we find that market orders (i.e., transactions) prompt the submission of both market orders and best limit orders. We find evidence of trades/market orders clustering but also inducing a cross-autocorrelation on the submission of limit orders. When we examine the arrival of ask orders and bid orders separately, we find that there is an increase in the number of limit orders submitted to the ask side of the market following an increase in the execution of bid-initiated market orders. We find that an unanticipated change in duration delays limit orders more than market orders. Assuming that unanticipated changes in the duration of orders is related to the arrival of information, we find that limit orders are more sensitive to information carried by duration than market orders, to avoid being picked off.
We find that the information obtained from changes in the submission and cancellation of offbest orders prompts the submission of both market and best limit orders. The fact that some of this information is not directly observable by traders suggests that they must have other information sources that are correlated with our measures for the off-best orders (e.g., the traders' private customer base). The submission of best limit orders and market orders is more rapid following the submission of off-best orders on the same side of the market than it is for the opposite side of the market.
Regarding the impact of withdrawing liquidity from the market, we find that the cancellation of limit orders at the best price and off-best price has very different effects on the submission of market orders. Cancellations at the best price delay the submission of market orders, because the cancellation at the best price widens the spread and withdraws depth at the best price, making market orders more costly. Conversely, cancellation at the off-best prices prompts the submission of market orders. Since the cancellation of orders at the off-best prices does not affect the best price and the depth at the best price, the cancellation does not directly raise the cost of submitting market orders.
Rather, cancellation at the off-best price indicates that the trade-off between execution risk, adverse-selection risk, and price risk changes could be correlated with a change in the valuation of the asset.
Thus, market orders become more active. Finally, we find that even after adjusting for intraday seasonalities and other factors, the opening and the closing of the markets still have a fundamental impact on the choice of order type, which is consistent with the findings of Bloomfield, O'Hara, and Saar (2005) .
This paper is organized as follows. Section 2 describes the data set: the Reuters D2000-2 electronic brokerage system. Section 3 describes the asymmetric ACD model and the hypotheses tested. Section 4 provides the results of the basic model, and section 5 extends the basic model by examining the bid side and the ask side of the market. Section 6 offers some conclusions.
Data
The data we use are for the Deutsche Mark/U.S. dollar exchange rate and are taken from the Reuters D2000-2 system. The D2000-2 is an electronic order book. Subscribers can see the best bid and best ask orders, the size supplied under those orders, and the recent transaction record. Although we can observe best and off-best orders being submitted and cancelled in the limit order book, market participants do not. They observe only the best orders and executed orders. They do, however, observe similar information from other sources; e.g., the Reuters' EFX page as well as their own customer order flow. The data set covers the trading activity in the electronic broker market from the evening of 5 October 1997 to midnight on 10 October 1997. The data set includes the price at which the submitter stands ready to buy or sell the currency, the exact time at which the order arrived, whether it is a limit order or market order, whether the order is initiated at the bid side or ask side, the entry and exit time of the order, and the quantity to be traded. Although these data cover only the electronic broker market and not the interdealer market, the best order and their associated quantity submitted are observable by all market participants, whereas this information is not observable in the interdealer market. 2 In the interdealer market, traders contact other traders directly to arrange the transaction price and quantity.
As a result, little is known about the interdealer trades (notable exceptions being Lyons 1995, and Evans and Lyons 2002a, b) .
We use the foreign exchange market because it is the largest financial market in the world, with trade occurring 24 hours a day. This limits problems caused by illiquid trading, information asymmetries, and errors in the measurement of microstructure characteristics. The foreign exchange market also allows us to study how the supply and demand for a highly liquid asset develop as liquidity increases and decreases with the opening and closing of markets. Overall, our data set consists of 130,526 submitted orders. Of the submitted orders, about 26 per cent are market orders and 74 per cent are limit orders. 3 The proportions of the two order types vary through the day, as shown in Figure 1 . Market orders and marketable limit orders are used mainly during active trading hours, probably because the increased liquidity at those times means that the orders have a greater likelihood of being fully filled with lower price risk.
To limit the impact of periods of thin trading on our results, we focus on the order submission activities from 6:00 to 18:00 Greenwich Mean Time (GMT). During this period, we study the arrival of the best limit orders and market orders. Best limit orders are the orders with the highest bid price and the lowest ask price standing in the market. Our data set consists of 20,512 best limit orders and 30,758 market orders submitted. We focus our analysis on the best limit orders for three reasons. First, the best orders are the orders, along with the most recent transaction, that are observable on the Reuters screen. Second, they have priority in trading. They are the prices at which investors stand ready to trade in the market; our analysis therefore considers the factors that influence current trades and current prices. Third, some limit orders are submitted at a price far away from the best price (these are referred to as "off-best limit orders"). These limit orders represent information on future market conditions or dealers' concerns about future market conditions, but do not necessarily provide information on the current value of the asset (the current price) and current market conditions.
Because our model examines how the spread and the state of the order book affect the arrival of best limit orders and market orders, we provide summary statistics for the submitted orders, the best orders, their durations, and the spread from 6:00 to 18:00 in Table 1 . Although our analysis focuses on the best orders, their characteristics are very similar to the overall orders submitted-the average is almost identical. The main difference is that the best orders are not as sensitive to outliers-the minimum (maximum) overall price is 1.7003 (1.8070), but for the best orders the range is much smaller: 1.7332 (1.7699). The average time between orders is about 1.7 seconds and, not surprisingly, the time between best orders is longer at around 4.2 seconds. Even though more than half of the orders are submitted within one second of the previous order, the longest duration between orders is almost 3 minutes. The best bid-ask spread varies from the smallest possible spread, 0.0001, 4 up to 0.0054. Table 2 shows the correlation between the spread and our variables related to the changes in the state of the order book.
We can clearly see some of the differences in these variables through the trading day in Table 3 and Figures 1 and 2 . We divide the day into 48 half-hour time bins and report the sample mean of the variables within each time bin. Qualitatively, Figures 1 and 2 illustrate the most important seasonal changes in the foreign exchange market over the trading day. During the active trading hours (e.g., 6:00 to 18:00), we can see that dealers submit proportionately more market orders than otherwise, and that orders are submitted most frequently around the opening hours of the European and New York markets. These results suggest significant seasonalities in the order submission process. Table 3 shows the frequency of best limit and market order submissions, off-best limit order submissions, best and off-best limit order cancellations, and the mean of the spread and durations during the active trading hours. Consistent with earlier studies, we find that there are more limit orders than market orders. On the New York Stock Exchange (NYSE), Harris and Hasbrouck (1996) document that 54 per cent of SuperDot orders are limit orders, and Ross, Shapiro, and Smith (1996) report that, overall, the limit orders account for 65 per cent (75 per cent) of all executed orders (executed shares). The duration between orders is shortest at the opening hours of both markets and longest as the markets close. All of our variables have similarly distinctive seasonal patterns: they increase as the London and New York markets open, with a slight drop afterward and a significant decline around the closing hours.
The changes in the time between the submissions of orders during the trading day may also contain valuable information regarding investors' beliefs, market depth, and the price formation process. The ACD model allows us to formally examine the dependence of the order type decision and the duration on different microstructure factors while controlling for the significant intraday seasonalities. This is an advancement over other studies using aggregated data because they consider the order submission decision at specific intervals and thus are unable to capture many of the dynamic aspects of these relationships.
Model and Hypotheses

Basic model
Our empirical model is chosen to examine the dynamics of traders' order submission strategies. Since orders are submitted at irregular intervals and market conditions change continuously, we investigate the potentially important information in both the order submission times and market conditions. Although there is evidence in work by Engle and Russell (1998) to suggest that trades are intertemporally correlated, there has been little work to investigate the information contained in the arrival rates of limit and market orders and how they depend on market characteristics. In this paper, we examine the actual arrival times of orders to investigate the dynamic impact of changes in such microstructure aspects of the market as price uncertainty and the state of the order book on the time between the submissions of different types of orders. We treat the arrival time of market or limit orders as a point process where the arrival times of the different types of orders are a function of our set of market characteristics.
To focus on the impact of order type on the elapsed time between orders (duration), we use the asymmetric log-ACD model. The asymmetric model is essentially a competing risk model that allows us to explicitly characterize potential differences in the order submission processes for market and limit orders. In this model, the arrival processes of limit orders and market orders can have different reactions to the previous type of order submitted, the time since the last order was submitted, and our microstructure variables. In this framework, the conditional duration of the two types of orders is dependent on past information. 
where the expected duration E[x t |y t , H t-1 ] is a function of whether the order at time t was a market or limit order (the state denoted by y t ), the information set available at time 1
, and the innovation t y ε is an independent, indentically distributed random variable with positive support. Because we are using the log-ACD model, the expected duration takes the following form: and Russell (1997 and Russell ( , 1998 and Bauwens and Giot (2001) . Some other studies using the ACD model have used the Burr distribution, because it is more general than the Weibull distribution (e.g., Melvin and Wen 2003) . Nevertheless, we use the Weibull distribution because it is simpler for large models.
Our asymmetric models are larger than those used in many previous studies, because we allow the order submission process to differ across order types. This requires each order type to have its own autoregressive process and therefore doubles the number of parameters to be estimated relative to the symmetric model. Further compounding the identification problem is our investigation of the influence of microstructure factors. The correspondingly large number of parameters makes the Burr distribution too complex for our study. The joint likelihood of the asymmetric ACD model is given by, is an indicator function that is equal to 1 if y t-1 = lmt, and 0 otherwise. We include a set of explanatory variables, z t , measuring changes in the supply of liquidity in the order book and the spread. More specifically, we examine • the number of best limit orders cancelled from the ask side and the bid side of the market from t-2 to t-1
• the number of off-best limit orders cancelled from the ask side and the bid side of the market from t-2 to t-1
• the number of off-best limit orders submitted on the bid and the ask side of the market from t-2 to t-1
• the best bid-ask spread at t-1 Similarly, the autoregressive process conditional on the current order being a market order, The coefficients for the microstructure variables and time dummies in the market order autoregressive process are defined similarly to those for limit orders.
The durations and other variables we use in this paper are scaled to remove the well-known time-of-day effects found in microstructure data. In our variables, we assume that there is a dynamic stochastic part and a deterministic part. The dynamic part changes as market conditions change, and the deterministic part considers patterns such as intraday seasonalities. Since we are most interested in the first component, we scale our data to remove the systematic intraday seasonalities. The method we use follows Engle and Russell (1998) by comparing the current value with the average value for that value at that time of day. For example, let t X be the raw duration between orders, so that
. Since durations are known to vary over the day, we remove the intraday seasonalities in t X by calculating the adjusted duration, t x , as proposed by Engle and Russell (1998) :
where ) (t φ is the time-of-day effect formed by dividing each day into 48 half-hour bins, averaging the durations within each bin, and then smoothing the average durations with a cubic spline. The choice of 30-minute time bins follows that in Bauwens and Giot (2000) .
Hypotheses
We examine how changes in price uncertainty and changes in the state of the order book affect the arrival of best limit orders and market orders. As Cao, Hansch, and Wang (2004) point out, the state of the order book carries important information about the asset and impacts the price discovery process. Our study extends upon their work in that, instead of looking at the depth of the limit order book, we examine the factors that account for the changes in its depth: both the cancellation and submission of limit orders. In addition, because the order book in our case is only partially open, we examine whether information unobservable to traders, the cancellation and submission of behind best orders, impacts the order submission process. Building on the existing market microstructure literature, we develop a number of hypotheses regarding the impact of our set of market characteristics on the order submission decision.
How does the previous type of order affect the duration and order type?
Various empirical studies show that trades cluster. We examine how the previous type of order affects the arrival time of the subsequent order and the order type by examining the T and "
coefficients. Equations (4) and (5) can be interpreted in an analogous fashion to a GARCH(1,1) model, in that the dependent variable is a function of its lagged value and a lagged random-error term. The effect of the transition between states on duration is captured via the intercept, T, and the coefficient on the previous random error, ". The values of T therefore represent the effect of the previous order type on the current order type submitted. For example, 1 ω and 3 ω are the impact of previous limit orders on the expected duration of limit orders and market orders, respectively. A negative value of 1 ω ( 2 ω ) means that, following a limit (market) order, traders more rapidly submit limit orders (i.e., the duration decreases). The "'s are the autoregressive conditional heteroscedasticity (ARCH) effects of the lagged disturbance from the previous order on the expected duration. If " 1 and " 2 , for example, are different, the impact of the size of the disturbance from the last limit order on the expected duration for current limit orders depends on the lagged order type.
How is duration affected by changes in the depth of the market?
We examine how the submission and cancellation of limit orders affects the arrival time of the next order and the order type. These variables capture the state of the order book and are defined by the number of orders submitted or cancelled in the open interval between the arrivals of best orders.
We use the number of orders because we believe that each order counts as a "vote" for future changes in market conditions (e.g., Lyons 1995).
The first set of variables we investigate is the number of best and off-best limit orders submitted on each side of the market. These variables measure the role of increases in the supply of
liquidity. An increase in the number of off-best limit orders submitted increases market depth and thus lowers the price risk of submitting market orders-the risk of walking up (down) the order book and paying a higher price for the marginal unit is smaller. Consequently, as the market depth and liquidity increase and therefore the price risk decreases, we expect to see a more rapid submission of market orders.
The second set of variables we examine is the cancellation of best limit orders from the ask and the bid sides of the market. These cancellations withdraw liquidity from the market at the best price, thereby either widening the spread or decreasing the market depth at the best price. Thus, the price risk of submitting market orders is higher, whereas the execution risk of submitting best limit orders decreases.
The third set of variables we examine is the cancellation of orders at off-best prices. This withdraws liquidity at prices behind the best. Although this set of variables does not impact the best prices directly, it indicates that traders who were willing to bear execution risk at off-best prices are no longer willing to do so. This could reveal a change in the information set of the traders, thus carrying important information and impacting the submission of subsequent orders. Consequently, the cancellation of orders at off-best prices may convey different information than the cancellation at the best price, and traders may be more likely to submit market orders to avoid the increased execution risks at these times.
What about price uncertainty?
To measure price uncertainty, we use a common measure of price risk-the best bid-ask spread. We use the difference between the highest bid and the lowest ask active in the market at time t.
A wider bid-ask spread indicates an increase in dealer uncertainty and a less liquid market. Since a widening spread means that market orders cost more and there is a larger price impact on trades, we expect to see the payoff from submitting limit orders increase and the payoff from submitting market orders decrease as the spread increases. Similarly, Easley and O'Hara (1992) propose that when the probability of trading against an informed trader decreases, dealers are willing to quote tighter spreads, leading to less price risk and thus more market order submissions. Empirically, Peterson and Sirri (2002) find more market orders are submitted when spreads tighten. Biais, Hillion, and Spatt (1995) and Ahn, Bae, and Chan (2001) find that limit order submission is impacted by market depth, price volatility, and quoted spreads. Harris (1998) finds that, as spreads widen, the cost of demanding liquidity and thus the reward for providing liquidity increases, and that more limit orders are therefore submitted. Consequently, as the spread increases, we expect the duration of limit orders to decrease and the duration of market orders to increase.
Does the opening and closing of markets fundamentally affect order arrival and order type?
Although we correct for intraday seasonalities, we also incorporate a set of dummy variables in our model to capture systematic changes in trading activity in the periods surrounding the opening and closing of the markets in Europe and North America. Our adjustment of duration by the expected duration discussed earlier (in equation (6)) should, theoretically, remove the influence of intraday seasonalities in foreign exchange trading, but it is possible that there is more to the time-of-day effects for market orders and limit orders; we add dummy variables to capture these potential differences. An increasing number of studies suggest that the trading behaviour of market participants in various financial markets is different at these times (for a detailed discussion in the context of the foreign exchange market, see Dacorogna et al. 2001) . Across the trading day, there are times more likely than others at which traders will submit orders (e.g., lunch hour in Japan and Europe are well-known times when trading activity decreases). Models by Admati and Pfleiderer (1988) , Foster and Viswanathan (1990) , and Brock and Kleidon (1992) suggest that traders focus on the openings when the value of information is highest and the closings when investors are trying to close their positions or protect themselves from risks associated with overnight volatility. Bloomfield, O'Hara, and Saar (2005) use an experimental asset market to investigate traders' behaviour at these times; they find that informed traders demand liquidity early in the trading session by submitting market orders that hit existing limit orders, but that they start to supply liquidity as the day progresses. As a result, we expect to see an increase in the proportion of market (limit) orders at the start (end) of the day.
To implement this test we examine the trading patterns for our market. Consistent with other studies of the foreign exchange market, we find that the peak trading hours fall into roughly two periods (e.g., Figure 2 ). Trading is most active from 7:00 to 10:00 6 during early trading in Europe and from 12:00 to 15:00 as North America becomes actively involved. 7 We also see a decline in trading activity as London and New York close between 16:00 and 18:00. These patterns may influence our results because the successful filling of an incoming order (whether a market or a limit order) depends If we find asymmetric effects on the submissions of the two order types, then work that does not distinguish between the two order types or adequately correct for these periods may not accurately adjust for intraday seasonalities and its estimation would no longer be efficient.
The effect of macroeconomic announcements on traders' decisions
To examine the potential effect of important macroeconomic announcements on the order submission decision, we study the impact of an unexpected announcement following a Bundesbank council meeting on traders' order submission decisions. On Thursday, 9 October 1997, there was a regularly scheduled Bundesbank council meeting. The meeting started, as scheduled, at 11:00 (GMT), but the council unexpectedly announced an increase in the German interest rates afterwards at 11:30 (GMT). Since these meetings are known to have a very significant impact on trading activity in the foreign exchange market (e.g., Andersen and Bollerslev 1998), we incorporate two dummies to capture the effect on market activities before and after the announcement: We can therefore study the differences in the submission of limit orders and market orders before and during the meeting as well as after the announcement; both periods are well known for their importance in the price formation process. We expect to see an increase in the use of market orders following the unexpected arrival of the new price-relevant information, because traders are concerned about execution risk as the price rapidly moves to its new equilibrium level.
Results
To determine the factors that influence the order submission decision, we examine the results of our estimated asymmetric ACD model in Table 4 . The first two columns represent the estimated coefficients and t-statistics for our full model (equations (3) to (5)).
The impact of the previous type of order submitted
The T-coefficients represent the impact of the order type (e.g., whether the previous order was a limit or market order) on the time until the next order is submitted (i.e., the duration). We find that the estimated coefficient for the impact of the last order that is a limit order only has a significantly positive (0.2987) impact on the duration of current limit orders, 1 ω . Thus, traders are more hesitant to submit new best limit orders (i.e., limit orders that will improve the current price) when the previous best order was a limit order. Since such orders would compete with the other limit orders in the order book, this effect is consistent with the "crowding out" effect described in Parlour (1998) : the time priority given to the limit orders already in the order book slows the arrival of new best orders.
Turning to the impact of previous market orders on the submission of subsequent orders, the estimated coefficients for the limit order equation and the market order equation, 2 ω and 4 ω , are significantly negative (-0.0288 and -0.2209, respectively). These results indicate that when the last order was a market order, traders are more likely to submit both market orders and best limit orders. This complements the existing literature (e.g., Hasbrouck 1999) , in that we find that not only do trades cluster, 8 but that their execution prompts the submission of best limit orders at the best price. Market orders erode depth at the best price, thereby lessening the competition of submitting best limit orders and increasing the profitability from supplying liquidity with limit orders.
Regarding the ARCH effects, all of the estimated α's are significantly positive. This indicates that disturbances or unexpected changes in the duration since the previous order was submitted lengthen the expected duration for the next order for all order types. More precisely, the longer the time since the last limit (market) order was submitted, the longer the time until the next best limit (market) order is submitted. Comparing the magnitudes of the estimated values for the α's for the best limit orders with those for market orders, we find that the values for the limit orders are larger in magnitude. This suggests that limit orders are more sensitive than market orders to the previous disturbance in duration. Because submitting a new best limit order means providing liquidity at the most competitive price, traders tend to be more cautious about providing liquidity when there has been an unexpected change in the lagged duration. A potential explanation for this caution is that the disturbance could indicate the presence of an information event (e.g., Easley and O'Hara 1992), making traders more hesitant to submit limit orders.
The persistence of order arrivals
The estimated value for the autoregressive portion of the order submission process for limit orders, $ lmt , is much smaller than for market orders, $ mkt : 0.68 versus 0.95 in Table 4 . Since likelihood-ratio tests reject the null hypothesis that mkt lmt β β ≥ at the 5 per cent significance level, this suggests that the changes in duration are more persistent and that order arrival is more clustered for market orders than for limit orders. More precisely, the longer (shorter) the time since the arrival of the last market order, the longer (shorter) the expected time until the arrival of the next market order.
Limit orders, on the other hand, appear to be more evenly distributed over the trading day.
The estimated Weibull parameters, γ, reveal the shape of the hazard function for market and limit orders. The estimated value for market orders, γ mkt , is less than one (0.86) in Table 4 . A Weibull parameter of less than 1 means that the hazard is decreasing; therefore, conditional on the current order being a market order, the hazard function for subsequent market orders is decreasing. More precisely, the longer the period without a market order arriving, the less likely it is that a market order will be submitted (i.e., market orders are clustered). The Weibull parameter of best limit orders, γ lmt , is around one. Consequently, conditional on the current order being a limit order, the submission of best limit orders is less dependent on the time that has passed since the last best limit order was submitted. A likelihood-ratio test shows that lmt γ is significantly greater than mkt γ ; this confirms our previous observation that market orders are more clustered at certain times of the day or during certain market conditions.
The impact of changes in price uncertainty
We next examine the effects that our microstructure variables related to price risk have on our estimated durations. We find that changes in the spread have the opposite impact on limit order submissions than on market order submissions. Further, the magnitude of the estimated coefficient on ξ is significantly positive, this indicates that a widening of the spread prompts the submission of limit orders while slowing the submission of market orders. Our findings support Foucault (1999) , who suggests that market orders are more costly when there is a larger bid-ask spread and thus when there is larger price uncertainty; therefore, in equilibrium, a higher proportion of limit orders is submitted at these times.
The impact of changes in the depth of the order book
To study how changes in the supply of liquidity impact the duration of limit and market orders, we first consider the effect of changes in the number of off-best limit orders submitted, and thus the effect of changes in the depth of the order book. We find that an increase in the number of offbest limit orders prompts the submission of both limit and market orders. The fact that the coefficient is significantly smaller for market orders (the likelihood-ratio test for equality gives a p-value of less than 1 per cent) suggests that increasing the liquidity in the market increases the submission of market orders more than it does limit orders. Since the submission of more off-best limit orders means that the potential price impact of a given trade is smaller, traders are more willing to submit market orders at these times. Intuitively, when a large market order is submitted, it may have to walk up the order book to be filled. The more off-best limit orders that have been submitted, the lower the cost (or potential cost) of walking up the order book. These results are consistent with more liquidity and lower price risk increasing the submission rate of market orders.
To study the impact of the withdrawal of liquidity from the market, we examine both the cancellation of best limit orders and the cancellation of off-best limit orders. We find that an increase in the withdrawal of limit orders at the best price is associated with more active submissions of limit Table 4 . Since the cancellation of best limit orders implies a less competitive environment for limit orders and therefore more price risk for market orders, this creates an opportunity for traders to profit from supplying liquidity to the market, and thus traders increasingly submit limit orders (e.g., Biais, Hillion, and Spatt 1995) . This raises the price risk of market orders either by widening the spread or by decreasing the depth at the best price; therefore, there is an increased risk of moving up (down) the order book to completely fill an order. As a result, we see fewer market orders being submitted.
The cancellation of orders at off-best prices has quite a different impact on the order submission decision. Cancellation of off-best bid orders prompts the submission of best limit orders, but the cancellation of off-best ask orders has nearly no effect on the submission of best limit orders.
On the other hand, the cancellation of off-best orders from both sides of the market prompts the submission of market orders. One possible explanation for this pattern in our results is that the cancellation of limit orders at the off-best price discussed above conveys different information than the cancellation of limit orders at the best price. Traders who originally placed off-best limit orders were more willing to bear execution risk (they were more willing to wait) or less willing to face price risk (by submitting market orders). The cancellation of orders at the off-best price signifies that traders are no longer willing to bear the execution risk at the existing off-best prices. This could be due to the following reasons: (i) the market prices are moving against them, so the execution risk at the present off-best price is increasing and it may be more favourable to submit a best limit order or market order;
(ii) the market is more confident in the value of the asset, so adverse-selection risk drops and it is more favourable to submit best limit orders; and (iii) there is more depth at the best price, so price risk drops and submitting a market order is more favourable. All three motives reveal information to other market participants regarding potential changes in the valuation of the asset; therefore, cancellation at off-best prompts submission of orders, particularly market orders.
The impact of the opening and closing of markets
Our results around the opening and closing of markets are similar to the experimental results of Bloomfield, O'Hara, and Saar (2005) . We find that limit orders and market orders respond differently to the opening of markets. Even after correcting for changes in market liquidity and price uncertainty, we find that traders are more hesitant to submit limit orders at the opening of markets and more hesitant to submit market orders at the closing of markets. The coefficients corresponding to Since the potential asymmetry of information between traders or differences in the interpretations of information across traders is greatest at the beginning of the trading day, this is consistent with traders being concerned that limit orders have a higher probability of being "pickedoff" at those times. This is a form of the "winner's curse," as discussed in Easley and O'Hara (1992) and Glosten (1994) .
At the closing of the market, on the other hand, more limit orders are used. This may be a result of trading over the day revealing information on the value of the asset so that its price converges to the full information value. Consequently, there is less risk of being picked off at the closing of the market and limit orders are submitted more readily. This is in line with the suggestion that traders submit limit orders at the end of trading to close their positions and protect themselves from "overnight" volatility. In general, the opening and closing effects are much larger for limit orders than 
The impact of macroeconomic announcements
A unique feature of our data set is that it enables us to study the effect of an important macroeconomic announcement on the order submission decision. On Thursday, 9 October 1997, the regularly scheduled biweekly Bundesbank council meeting started at 11:00 (GMT) and ended at 11:30 (GMT). Immediately following the meeting, the Bundesbank unexpectedly announced an increase in its repo rate from 3 per cent to 3.3 per cent. Since this action was unexpected, we are able to examine how the order submission decision appears to change around such events. θ , are not significantly different from zero. This is consistent with comments from market participants that the announcement was unanticipated and thus order submission activity was normal (e.g., Carlson and Lo, forthcoming).
After the announcement, however, there was a significant increase in the submission of both market orders and limit orders. Though the magnitude of the estimated coefficients was similar for both market and limit orders, the level of statistical significance suggests that there was a larger increase in the submissions of market orders.
Our time-of-day variables allow us to extend the existing empirical and theoretical work. After correcting for the influence of changes in liquidity, price risk, and market seasonalities, we continue to find important factors that influence the order submission decision. Around the opening of markets and following unexpected announcements, there may be significant information asymmetries that result in the more rapid submission of market orders. Traders are concerned that limit orders will be "picked off" as the price adjusts to the new information and the price attains its new equilibrium value.
When the level of information asymmetry among traders decreases, however, the traders appear more willing to submit limit orders. These findings are an interesting complement to our previous results and to the existing results in the literature.
The Ask and Bid Sides of the Market
In the previous section, we focused on the arrival process of all best limit orders and all market orders. Since we find some differences in how changes in our factors on each side of the market influence the overall order submission decisions, the question arises as to whether the arrival process of the two order types differs across the bid and the ask sides of the market. In this section, we examine how information on the same and opposite sides of the market affects the decision to submit the two order types. To accomplish this, we estimate two separate models for the arrival process of the two order types: one on the bid side and the other on the ask side of the market.
Because the previous model did not distinguish between the side of the market for the market orders and the best limit orders, we add two new variables to our model of the expected duration of best limit order and market orders: the number of best limit orders posted and the number of market orders executed on the opposite side of the market. The coefficients are indicated by side opposite best, ξ and side opposite mkt, ξ , respectively, as shown in Table 5 . These variables are added because the arrival of best orders and market orders on the opposite side of the market may have a different impact than when they are arriving on the same side of the market as traders submit their orders. This model allows us to examine several interesting questions:
What has the greatest influence on the supply of liquidity at the best price: the previous submission of best limit orders or market orders/transactions? An increase in the submission of best limit orders on the opposite side of the market appears to prompt the submission of best limit orders. The magnitude of the effect is more than three times as large and the statistical significance is much larger than for the impact of the execution of market orders on the opposite side of the market. The null hypothesis lmt side opposite best, lmt side opposite mkt, ξ ξ ≥ on both the bid and the ask equations is rejected at the 5 per cent significance level using likelihood-ratio tests. This result suggests that an increase in the supply of liquidity at the best price on the opposite side of the market prompts traders to increase the supply of liquidity more than when there is an increase in the quantity of transactions on the opposite side of the market. As a result, an increase in liquidity on one side is related to an increase on the other, and therefore to an increase in overall market depth. There is, however, a smaller effect if there was a consumption of liquidity on the other side of the market.
These results are in contrast to the impact of changes on the same side of the market.
Regarding the coefficient related to the submission of best limit (market) orders on the same side of the market, ω 1 (ω 2 ), the results suggest that an increase in these orders tends to delay the submission of best limit orders, possibly due to the "crowding out" effect (or fear of being "picked off"). We find little impact of previous limit orders on the same side on the current market orders (ω 3 ), but market orders on the same side appear to result in the clustering observed in the previous section.
How do transactions cluster?
Clustering depends on the side of the market. For orders being submitted on the ask side of the market, a previous market order on either the same or the opposite side prompts the submission of ask market orders. This is indicated by significantly negative estimated coefficients: For the bid side of the market, an increase in the number of off-best limit orders submitted on the bid side of the market tends to prompt the submission of both more best limit orders and market orders. The likelihood-ratio test rejects the null hypothesis that 
Do cancellations at the best quoted price and cancellations at prices behind the best quoted price have
the same effect? Interestingly, on the ask side of the market, the cancellation of best limit orders on the same side of the market has the opposite effect on the arrival of best limit orders than the cancellation of off-best limit orders. Following an increase in the cancellation of orders at the best price on the same side of the market, we observe an increase in the submission of limit orders, as evident in the significantly negative To investigate why the withdrawals of liquidity at best and off-best prices have opposite effects on the decision regarding ask limit order submission, we study the first-order autocorrelation between prices, volatility, and the state of the order book (Table 6 ). We divide the trading day into 1-minute intervals and use the frequency of the submission and cancellation of limit orders within the intervals. The price trend is defined as the difference in the mid-quote of the prices at the beginning and end of the 1-minute interval. The price trend has a value of 1 if the difference is positive, -1 if the difference is negative, and 0 if the price stays the same. We find that, following an increase in prices, the number of ask cancellations at the off-best price drops, but the cancellation at the best price rises.
This suggests that the cancellation of orders at the best and off-best quotes occurs for different reasons. For example, when the price increases, the number of cancellations at the ask increases to avoid adverse selection, whereas the number of off-best cancellations drops to take advantage of the drop in execution risk. Submitting a best limit ask order when the cancellation of best orders increases leads to less competition and also less execution risk when the price is increasing. On the other hand, more ask orders are cancelled at the off-best prices when prices drop. Thus, traders submitting a best limit order at this time have to offer a lower price and, if the price drops further, the execution risk increases.
Regarding market orders, cancellations at the best and off-best prices also have different effects. We find that the cancellation of orders at the best quote on the same side of the market delays the subsequent submission of other market orders. Cancellation at the best price on the same side of the market means that traders are wary of facing adverse-selection risk at the best prices. The increased activity on the same side of the market suggests an upcoming change in the valuation of the asset. As a result, it is more risky to submit market orders at these times. On the opposite side of the market, for both the bid and ask equations, we see that the number of cancellations at off-best quotes prompts the submission of market orders. Cancellation at off-best bid prices is associated with an increase in mid-quote prices. It therefore appears that ask market orders arrive to sell as the price is inreasing. Similarly, cancellation at off-best ask is associated with a drop in mid-quoted prices, so bid orders arrive to buy at a lower price.
Conclusion
In this paper, we have examined the impact of price risk and changes in the supply of liquidity on the market order and best limit order submission processes in the context of the foreign exchange market. Because of the potential differences in the characteristics of the order submission process across order types and the irregular duration of order submissions, we studied the problem using the asymmetric log-ACD model. This model allowed us to jointly study the time between the time of order submission and the type of order submitted. We have found that, conditional on the type of order, the expected duration until the arrival of the next order depends on the previous type of order submitted, changes in price risk, and changes in liquidity in the market. Further, we have found that these factors have different effects on the arrival process of best limit order and market orders. As a consequence, ignoring differences in the types of orders being studied and ignoring differences in the types of orders traders submitted in the past may lead to a misspecification of the order submission process and therefore of the price formation process.
Our research extends the existing work that studies how the order submission process depends on microstructure factors, by using a technique that allows us to more completely capture relevant aspects of the order submission decision. We have found that market liquidity and price uncertainty play a significant role in the order submission decision (the duration of when to submit orders and the type of order). Specifically, we have found that increasing price uncertainty and the withdrawal of liquidity prompt the submission of limit orders, whereas increases in the supply of liquidity prompt the submission of market orders. Further, even after correcting for these factors, we continued to find differences in behaviour around market openings and closings and unexpected events: traders use more market (limit) orders at the opening (closing) of the market and more market orders after unexpected economic announcements and thus unexpected price movements.
Since many previous studies were unable to capture differences in order submission strategies across periods of changing order submission intensity, we have provided a valuable new perspective into the role played by market liquidity and price uncertainty in various aspects of the order submission decision. Unlike previous studies, we have been able to study the differences in quoting behaviour around market openings, closings, and unexpected economic announcements that compensate for the changes in order submission intensities, and have found that these differences, even after correcting for the impact of market liquidity and price uncertainty, suggest that information asymmetries and information shocks play a significant role in the order submission decision.
Having seen how the choice of order type and trading process interact, one can start to extend the models we have examined to test a wider range of theoretical microstructure models. We have highlighted some of the areas where the order submission process is different across order types, as well as where they are similar. Further research can extend our findings to consider other hypotheses and develop new models to help explain some of these new findings. This table shows the frequency of limit orders, market orders, off-best limit orders, order flow, and cancelled limit orders, together with the sample mean of spread, duration, and best mid-quote duration through the active trading hours using the data from the Reuters D2000-2 electronic brokerage system for the week of 6-10 October 1997. The trading day is divided into half-hour time bins and we examine the values between 6:00 and 18:00 (GMT). The duration is measured in seconds. Maximum-likelihood estimates of the asymmetric log-ACD models of duration. The model estimated is equation (3) using the data from the Reuters D2000-2 electronic brokerage system for the week of 6-10 October 1997. Maximum-likelihood estimates of the asymmetric log-ACD models of duration. The model estimated is equation (3) using the data from the Reuters D2000-2 electronic brokerage system for the week of 6-10 October 1997. This graph shows the proportion of all orders submitted in each half-hour time bin that were limit orders and market orders using the data from the Reuters D2000-2 electronic brokerage system for the week of 6-10 October 1997. This graph shows the average number of orders submitted in each half-hour time bin using the data from the Reuters D2000-2 electronic brokerage system for the week of 6-10 October 1997. 
